Unilateral facet fracture-dislocation of the lower cervical spine is caused by distractive flexion injury, and these fracture-dislocations correspond to stage 1 (unilateral subluxation) or stage 2 (unilateral dislocation) of the Allen system [1] that classifies them according to the level of injury. The Received Jul 21, 2010; 1st Revised Nov 11, 2010; Accepted Nov 18, 2010 Corresponding author: Sang-Bum Kim, MD Department of Orthopedic Surgery, Konyang University College of Medicine, 685 Gasuwon-dong, Seo-gu, Daejeon 302-718, Korea Tel: +82-42-600-6937, Fax: +82-42-545-2373, E-mail: sbkim@kyuh.co.kr The abstract of this study was presented as a lecture at the 26th fall conference of the Korean Spinal Surgeons in 2009. R Re es su ul lt ts s: : The degree of the prevertebral soft tissue swelling of group 1 was lower in group 1, and it was statistically significant (p = 0.046). The fusion was achieved in all cases (100%) in group 1, however, re-displacement as well as the loss of reduction occurred in one case, despite of delayed fusion and good clinical result. In group 2, bone fusion was achieved in 15 cases of 16 cases (94%).
stage 1 injury has the characteristics that the posterior ligament complex and the posterior facet capsules may be ruptured at diverse levels, but the intervertebral disc is not injured, the flexion causes subluxation and the interspinous interval is increased. In stage 2, unilateral facet dislocation occurs and the characteristic feature of this is the anterior displacement of the upper vertebral body. Stage 1 or 2 distractive flexion injury occurs preferentially in the lower cervical spine, and the level of the external force at the time of injury is not relatively large. Thus, the clinical symptoms are meager and neurologic deficit hardly occurs, so the diagnosis is delayed in some cases [2] [3] [4] [5] [6] . In the clinical setting, distractive flexion injury is seen relatively frequently, but there are only rare studies on the treatment outcomes of the cases with a delayed diagnosis of distractive flexion injury [2] [3] [4] 7] . Particularly, there have been no studies on stage 1 and 2 distractive flexion injury that consisted of mostly cases with a delayed diagnosis. Therefore, we divided the patients with unilateral facet fracture subluxation or dislocation in the lower cervical spine caused by stage 1 or 2 distractive flexion injury to the group that was not detected immediately after injury and so the diagnosis was delayed, and the group that was diagnosed immediately after injury. We examined their clinical and radiological characteristics, and we analyzed the outcomes of surgical treatment. The causes of a delayed diagnosis were analyzed, and the differences in the treatments and outcomes between the two groups were examined.
Materials and Methods
From January 2003 to April 2009, among the 11 patients with stage 1 or 2 distractive flexion injury in the lower cervical spine according to Allen's classification and who were not diagnosed immediately after injury, we excluded 1 patient with laryngeal cancer for whom the anterior approach could not be performed. So, a total of 10 cases were assigned as the group 1 and we then conducted a retrospective study on them. The control group patients were 16 stage 1 or 2 distractive flexion injury patients who were diagnosed immediately after injury and they underwent surgery during the same period and they were assigned as group 2. We examined the differences of age, gender, the mechanism of injury, and radiological as well as clinical characteristics of the two groups. In addition, we analyzed the cause of a delayed diagnosis in group 1, and the differences in the treatment methods and outcomes between the two groups.
The patient group and treatment methods
The mean age of the patients in group 1 was 52.1 years (range, 38 to 68 years), and that of group 2 was 46.6 years (range, 28 to 72 years). In regard to the gender distribution, there were 8 males and 2 females in group 1. There were 12 male patients and 4 female patients in group 2. In group 1, the interval from injury to diagnosis was on average 22.7 days (range, 2 to 51 days) and the interval from injury to surgery in group 1 was on average 27.6 days (range, 2 to 51 days). In group 2, this was on average 5.1 days (range, 1 to 10 days). As for the cause of injury, there were 7 cases of motor vehicle accident, 1 case of blunt trauma, 1 case of falling down and 1 case of slip-down in group 1. In group 2, there were 12 cases of motor vehicle accident, 1 case of blunt injury, 1 case of falling down and 2 cases of slipdown. The mean follow-up period of group 1 was 12.9 months (range, 6 to 29 months), and that for group 2 was 13.2 months (range, 6 to 39 months). The age, gender, the cause of injury and the follow-up observation period of the two groups were not statistically different (Table 1) .
At the time of diagnosis, persistent posterior neck pain and the limitation of motion of the neck were the findings detected in almost all the patients, and radiculopathy was seen in all the cases of group 1 and in 9 cases of group 2 (60%). One case developed neurologic deficit in group 1 (10%), and it was grade D of Frankel's grade. There were 4 cases of neurological deficit in group 2 (25%): there were 2 cases of grade A and 1 case each of grade B and grade C. The injury level of group 1 was the 5th-6th cervical vertebra in 6 cases and the 6th-7th cervical vertebra in 4 cases. In group 2, the injury area was the 3rd-4th cervical vertebra in 1 case, the 4th-5th cervical vertebra in 3 cases, the 5th-6th cervical vertebra in 9 cases and the 6th-7th cervical vertebra in 3 cases. With excluding the 1 patient who underwent surgery on the day after diagnosis and 1 case strongly refused skeletal traction, reduction was attempted for 8 patients of group 1 and for all the patients of group 2, and magnetic resonance imaging (MRI) was performed on all the patients.
As for surgical treatments, in all the cases, anterior cervical discectomy according to the left-sided Smith-Robinson approach and interbody fusion using autogenous iliac tricortical strut bone or a cage filled with cancellous bone (Solis � , Stryker Spine, South Allendale, NJ, USA) were performed, while skeletal traction was maintained, and fixated with metal plate. After surgery, the patients wore Philadelphia braces for 6-8 weeks.
Evaluation
As markers of radiological evaluation, the retropharyngeal space at the inferior border of the 3rd cervical vertebral body was measured on the plain lateral X-ray images, and the difference between the two groups was assessed. The degree of bone fusion at the final follow-ups was assessed by the application of Bridwell' s classification (Table 2 ) [8] , and this was compared between the 2 groups; the incidence of the associated traumatic intervertebral disc herniation was examined on the magnetic resonance imaging.
The severity of the postoperative neck pain, the neurologic status and the improvement of radiculopathy were examined and compared for determining the clinical results. In addition, the operation time and the incidence of complications were examined. The collected data was analyzed by independent t-tests and Fisher's exact test. The SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA) was used for all the staDelayed Diagnosed Distractive Flexion Injury / 37 
Results
The cause of a delayed diagnosis for 2 cases was that radiologic evaluation was not performed because of unstable vital signs due to associated injury at the time of injury or a concomitant urgent operation. It was impossible to assess the injury levels of 5 cases due to inappropriate radiographs (Fig. 1) , and in 3 cases the injury area could be assessed by radiography, but this was overlooked because of the carelessness of the doctors.
In group 1, reduction could be achieved in all cases with attempted skeletal traction. In group 2, reduction could be achieved prior to surgery for all the cases. For 2 cases of group 1 that reduction was not performed prior to surgery, reduction was performed by traction in the operation room under general anesthesia. So reduction could be achieved in all cases, and surgery was performed by the anterior approach.
The degree of soft tissue swelling at the inferior border of the 3rd cervical vertebral body was assessed by measuring the distance of the retropharyngeal space. The degree of group 1 was average 5.25 ± 1.02 mm and that of group 2 was 7.49 ± 2.88 mm. The degree of swelling was lower in the group 1 and this was statistically significant (p = 0.046). Two cases of group 1 and 7 cases of group 2 were associated with the herniation of an intervertebral disc as detected by MRI, and this was more frequent in the group 2. Nonetheless, statistical significance was not shown (p = 0.229).
The operation time of group 1 was on average 103 minutes (range, 73 to 155 minutes), that of group 2 was on average 124 minutes (range, 105 to 185 minutes) and it was slightly longer in the group 2. Nevertheless, a statistical difference was not detected (p = 0.205). Bone fusion was achieved in all the cases of group 1. According to Bridwell' s classification [8] , there were 8 cases of grade I and 2 cases of grade II. In group 2, there were 14 cases of grade I and 1 case of grade II, and 15 cases achieved osseous fusion. There was 1 case of pseudoarthrosis corresponding to grade IV. In 1 case of group 1, the loss of reduction developed 2 weeks after surgery, nevertheless, clinical pain was absent 38 / ASJ: Vol. 5, No. 1, 2011 Fig. 1. (A) The lateral radiograph only shows the upper five cervical vertebrae with the retropharyngeal space increased to 6.3 mm. (B) The computed tomography scan clearly demonstrates the dislocation at C5-6 on the sagittal reconstruction image. and neurologic symptoms were not shown, and so only follow-up observation was performed. Bone fusion was confirmed at the final follow-up observation in this case (Fig.  2) . One case of group 2 showed non-fusion, the progression of the loosening of screws, the displacement of the graft bone and resorption, so additional posterior instrumentation and fusion was performed.
The patients with radiculopathy showed improvement of symptoms at the final follow-up observation. In group 1, 9 of 10 cases showed the complete resolution of symptoms, and mild neuralgia was persistent in only 1 case, but it was substantially improved. In the 9 radiculopathy cases of group 2, the symptoms disappeared completely at the final follow-up observation. In regard to the patients associated with neurologic deficits at the time of diagnosis in group 1, there was one case of Frankel grade D (10%), and it was improved to grade E at the time of the final follow-up observation. In group 2, a total of 4 cases (25%) showed neurologic deficits and 2 cases with Frankel grade A were not changed even at the time of the final follow up observation. Nevertheless, the grade B and grade C patients were improved to grade D at the follow-up observation. One case each of both groups showed persistent mild posterior neck pain, but most cases showed substantial improvement, and the range of motion of the neck was recovered to the normal range, and so all the patients returned to work and their activities of daily living without restriction. In both groups, special complications did not develop during surgery or after surgery. Nevertheless, in 1 case of group 2, loosening of the screw to the anterior metal plate and the loss of reduction developed two weeks after surgery and so additional posterior surgery was performed.
Discussion
The incidence of a delayed diagnosis of a facet dislocation of the cervical spine with consequently delayed treatment was reported to be relatively high (11-40%) [8, 9] . As the common cause of a delayed diagnosis, the inability to undergo radiography because of an associated serious injury, insufficient clinical and neurological evaluation by doctors resulting in failing to perform radiography, patients refuse to visit medical institutions, patients who underwent radiography, but sufficient assessment of the lower cervical vertebrae was not done, and radiography was performed appropriately but an erroneous interpretation by clinicians were mentioned [10] [11] [12] [13] [14] . In our study, the cause of the delayed diagnosis of 5 cases out of 10 cases was that at the time of injury, radiography on the cervical vertebral area was taken, but the lower cervical area was not sufficiently examined and so the facet dislocation of the cervical spine was not diagnosed. In 3 cases the injury was shown on radiographs, but it was overlooked due to the carelessness of clinicians, and radiological tests on the cervical vertebra could not be performed in 2 cases because of unstable vital signs due to associate serious injury.
The most important points for diagnosing injury in the cervical vertebrae are to perform accurate and comprehen- sive assessment [2, 15] . Kwon et al. [16] have reported that the cause of most delayed diagnoses is errors at the initial evaluation. Bohlman [17] have reported that approximately 1/3 of serious cervical spine injuries are not initially detected. Therefore, Liu et al. [2] and Saddison et al. [15] stated that in alert patients, if cervical pain as well as direct tenderness are presented and even if neurological defects are absent, it is necessary to perform accurate cervical radiography. In the study conducted by Kahn et al. [3] for the patients with facet dislocation of the cervical spine, and this was diagnosed within 72 hours of injury, neurologic deficits were associated in 64% of the patients. On the other hand, in the group of patient with a diagnosis delayed for more than 72 hours, only 25% showed abnormal neurological diagnostic findings, and so the possibility of a delayed diagnosis is particularly higher for the patients without neurological deficit. In our study, although it was not statistically significant neurological deficit was detected in 25% of the patient group diagnosed immediately after admission and in 10% of the delayed diagnosis group, and a trend similar to the study reported by Kahn et al. [3] was shown. Therefore, it is thought that in patients without neurological symptoms or with mild symptoms, physicians are prone to overlook the injury and so comprehensive neurologic evaluation should be performed.
On the other hand, considering that in the study conducted by Platzer et al. [18] , 8 cases of 18 delayed diagnosis cases (44%) were patients for whom accurate neurological tests could not be performed and accurate physical examination could not be performed at the time of admission in many cases, and so it is thought that for patients admitted due to polytrauma, accurate radiological tests with keeping cervical spine injury in mind is an important factor. They suggested a method to evaluate the instability of injured areas for the unilateral facet fracture or subluxation cases by flexion and extension radiography under the supervision and observation of clinicians. We think that through such attempts the rate of overlooking injury and a delayed diagnosis may be reduced. In our study, similarly, for one case associated with multiple rib fractures and bilateral scapular fractures, radiating pain in the scapular area was misdiagnosed as pain caused by fractures, and so the diagnosis was delayed in that case. It has been reported that the evaluation of radiographs by experienced clinicians is required to prevent a delayed diagnosis caused by mistakes of clinicians at the time of the initial diagnosis [18] . It is thought that one way to reduce the rate of a delayed diagnosis is to perform computed tomography (CT) for the cases that are difficult to diagnose by simple radiography [19, 20] . Although MRI can effectively differentiate injury involving soft tissue or intervertebral disc, nonetheless, as compared with CT, its sensitivity and specificity for fractures are not high [21] , and so CT is thought to be more useful for the initial evaluation. Sekula et al. [22] proposed performing multidimensional CT together with plain lateral radiography for polytrauma patients to rule out injury in the cervical vertebral area, and the usefulness of CT for the evaluation of injury in the cervical vertebral area has been proven by several studies [20, [23] [24] [25] [26] . In our study, making the diagnosis using only simple radiography was difficult, and 1 case in group 1 (10%) and 5 cases in group 2 (33%) were diagnosed by CT. So it was found that CT was very useful for the diagnosis of unilateral facet dislocation of the lower cervical spine.
The diagnostic value of simple lateral radiography for prevertebral soft tissue swelling is well known. In our study, in the delayed diagnosis group, the degree of the soft tissue swelling at the inferior border of the 3rd cervical vertebral body was compared with that of the group diagnosed immediately after injury, and this was found to be significantly lower in the latter group. This suggests that in cases without neurological anomaly, the mild cases or the cases with little soft tissue swelling, the possibility of overlooking injury or a delayed diagnosis is relatively high. Therefore, it is thought that even if soft tissue swelling is not severe, patients should be evaluated with keeping the possibility of injury in mind.
It has been reported that reduction by skeletal traction is difficult when the diagnosis of facet dislocation of cervical vertebrae is delayed [27] . However, in our study, skeletal traction was performed on 8 of the 10 delayed diagnosis cases, and reduction was achieved prior to surgery in all cases. In addition, Kahn et al. [3] compared the success rate of reduction by cranial traction for the facet dislocation patients who were diagnosed early within 3 days with that of the patients whose diagnosis was delayed for more than 3 days. The early diagnosis group showed a 64% rate of successful reduction, but on the other hand, in the delayed diagnosis group, a 20% success rate was reported, and so reduction could be performed more readily if it is attempted within 3 days. We can speculate that their results are contradictory to our results because they did not distinguish unilateral facet dislocation from bilateral facet dislocation.
Liu et al. [2] examined a total of 9 cases of old fractures with distractive flexion injury stage 2 and 3, and they reported that it was difficult to anticipate reduction by skeletal traction, and so it was desirable to perform reduction by the posterior approach as well as anterior cervical discectomy and fusion, and fusion was achieved in all the cases. They reported that the postsurgical neurological condition of the 8 patients with neurological anomaly was substantially improved. Among the 4 cases with radiculopathy, hypoesthesia and motor weakness partially remained in 1 case and 3 cases recovered completely. They reported that in 4 cases with spinal cord injury, the Frankel grade was improved by 1 grade, the clinical symptoms were improved in almost all the patients and satisfactory results were obtained.
Hassan [4] has reported the results of surgical treatment of 12 cases of old fractures with stage 2 or 3 distractive flexion injury in the lower vertebra. It was observed that only 2 cases achieved reduction by skeletal traction, anterior and posterior surgery were performed on 9 cases, only posterior surgery was performed in 1 case and only anterior surgery was performed in 2 cases. They reported that all the patients showed improvement of their symptoms and neurological condition after surgery, and bone fusion was achieved in all cases.
However, in our study, for the patients with stage 1 and 2 distractive flexion injury, even if the diagnosis was delayed, reduction could be obtained by performing skeletal traction in all the cases. Consequently, without posterior surgery for open reduction, bone fusion was obtained by performing only anterior cervical discectomy and fusion in all the cases and clinically satisfactory results were obtained. It is thought that the stage 1 and 2 distractive flexion injuries are caused by relatively low energy and so reduction could be readily achieved by traction. In addition, the interval from injury to surgery was on average 27.6 days, and when it was compared with 2.8 months reported by Liu et al., reduction and surgery were preformed rapidly, and so the soft tissue factors that impede reduction were relatively less abundant.
Conclusions
The diagnosis of unilateral facet dislocation or subluxation caused by stage 1 or 2 distractive flexion injury is frequently delayed due to various reasons, and so considering the possibility of injury in the cervical area, careful neurologic examination and accurate radiologic evaluation should be done for the evaluation of trauma patients. The diagnosis using only simple radiography may be difficult in some cases, and so performing CT would be of help. Even for the cases with a delayed diagnosis, reduction could be obtained by skeletal traction prior to surgery, and thus performing only anterior cervical discectomy and fusion may be sufficient. Therefore, we think that reduction by skeletal traction should be performed as soon as unilateral facet dislocation or subluxation is diagnosed. In addition, even for the cases with a delayed diagnosis, the outcome of surgical treatments would not be greatly different from that of the cases that are diagnosed immediately after injury.
